Introduction {#s2}
============

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), first officially reported in December 2019 in Wuhan City, Hubei province, China, and has since lead to a pandemic. Most cases result in minor symptoms such as cough, fever, sore throat, myalgia, fatigue, nausea, diarrhea, loss of smell, and abdominal pain \[[@R01]-[@R03]\]. However, some patients progress to severe viral pneumonia, multiorgan failure, including respiratory failure from acute respiratory distress syndrome (ARDS), myocarditis, advanced renal failure, and death \[[@R04], [@R05]\]. COVID-19 is a rapidly evolving disease, causing increased morbidity and mortality, and has been spreading quickly at an alarming rate globally. The limited knowledge of the SARS-CoV-2 natural history, asymptomatic carriers, intercontinental travelers, lack of effective treatment, potential reinfection, and overburdened global health systems are some of the critical elements involved in poor outcomes from COVID-19. As of April 8, 2020 more than 1,485,000 cases of COVID-19 have been reported in more than 200 countries and territories, resulting in over 90,000 deaths \[[@R06], [@R07]\]. Outcomes are worse in elderly patients, particularly males, and those with comorbidities, but can affect any age group.

Various studies have suggested an incidence of 3-15% of acute kidney injury (AKI) in patients with COVID-19 infection \[[@R08], [@R9]\]. In patients with severe COVID-19 infection in intensive care unit (ICU), the rates of AKI increased significantly to 14.5-50% \[[@R9], [@R10]\]. Based on the review of literature, we think AKI with COVID-19 is not a specific clinical feature, and it is a part of multi-organ failure with patients admitted to ICU. Regarding the incidence of AKI in other viral infections such as H1N1, AKI was reported in approximately 18% of the patients in a study of 661 critically ill patients infected with H1N1 influenza. Pettila et al reported that the incidence of AKI was 34% in 628 patients infected with H1N1 who are critically ill \[[@R11], [@R12]\]. COVID-19 infection is associated with an increased incidence of albuminuria and hematuria \[[@R13]\]. Notably, AKI is an independent risk factor for hospital mortality in COVID-19 patients \[[@R13], [@R14]\].

The nephrologists and critical care clinicians are facing daily challenges when providing care for patients with AKI requiring renal replacement therapy (RRT) from COVID-19 in the inpatient settings, and nephrologists face challenges in strategizing care for established end-stage renal disease (ESRD) patients on chronic dialysis in the hospital and outpatient settings.

Thus, we reviewed the available literature on the nature of AKI caused by COVID-19, as well as the available guidelines and strategies regarding the RRTs for the AKI and the hospitalized ESRD patients.

AKI in COVID-19 {#s3}
===============

Epidemiology and etiology of AKI {#s3a}
--------------------------------

Cheng et al described the incidence of AKI associated with COVID-19 and related mortality in 701 hospitalized patients from a single medical center in Wuhan City, China. Although the incidence of AKI was 5.1%, there was a dose-dependent relationship between the degree of AKI and mortality. The incidence of proteinuria on admission was 44%, and hematuria was 27%. Whether proteinuria and hematuria were due to AKI or underlying chronic kidney disease (CKD) is unclear \[[@R14]\].

Similar studies from China also supported the strong correlation between AKI and risk of mortality (about 5.3 times higher in COVID-19 cases with AKI than without AKI). Observational data showed other signs of kidney dysfunction in COVID-19 patients, such as proteinuria in 59% and hematuria in 44% hospitalized COVID-19 patients \[[@R13]\].

Arentz et al described the clinical characteristics and outcomes in 21 critically ill patients with COVID-19 in Washington State, USA. Two were on dialysis. The mortality was higher in this study, but the specific outcomes of the dialysis patients have not been described \[[@R15]\]. The clinical inpatient experience from Montefiore Medical Center, Bronx, New York, revealed that 109 patients developed AKI, and among them, 69% were males. Forty-six percent of the patients needed ICU admission; and among them, 45% required RRT. The patients with AKI on CKD were discharged needing outpatient dialysis. The mortality was 31% on limited time follow-up. Forty-seven prevalent hemodialysis (HD) patients required inpatient admission for COVID-19, and the mortality among them was 8.5%. The data were from the limited time follow-up in March 2020 \[[@R16]\].

The exact pathophysiology of kidney failure in COVID-19 is unclear. The leading cause of AKI in COVID-19 seems to be acute tubular necrosis driven by sepsis, multi-organ failure, and shock. Besides, SARS-CoV-2 binds with angiotensin-converting enzyme 2 (ACE2) receptor, which is expressed abundantly in the renal podocytes and proximal tubular epithelial cells \[[@R17]\]. Recently, Zhong's lab in Guangzhou, China has successfully isolated SARS-CoV-2 from the urine sample of an infected patient \[[@R18]\]. Therefore, ACE2 could serve as a binding site, and play a role in potential renal injury mechanisms. Other postulated mechanisms include sepsis leading to cytokine storm syndrome or direct cellular injury from the virus.

Management of AKI {#s3b}
-----------------

The current treatment of COVID-19 with AKI includes general and supportive management and RRT when necessary. There is no proven antiviral therapy available at present. In patients with severe AKI, initiation of RRT is indicated for traditional reasons such as uremia, uremic pericarditis, electrolyte imbalance such as hyperkalemia and metabolic acidosis, and hypervolemia, among others. Volume overload in the presence of ARDS can be detrimental and may make ventilator support suboptimal. Therefore, relative early initiation of RRT may be considered in COVID-19 patients with severe ventilator-dependent respiratory failure (VDRF) for ARDS and concomitant volume overload.

RRT Options for AKI or ESRD Patients With COVID-19 in Hospital {#s4}
==============================================================

Currently, there is no data to support the early initiation of RRT in COVID-19 patients with AKI. Established medical management such as a trial of high-dose loop diuretics for oliguria and hypervolemia, judicious use of balanced crystalloid intravenous fluids for prerenal state and intravascular expansion, should be employed. In the patients who developed AKI from COVID-19 infection, around 1.5-9% of them required RRT in the form of continuous renal replacement therapy (CRRT) \[[@R19], [@R20]\]. The proportion of patients needing RRT increased to 5.6-23% with severe infection \[[@R21], [@R22]\].

In COVID-19 patients with severe AKI and with established ESRD, the continuation of their RRT is vital for survival. We will focus our discussion here on modalities of RRT that can be used in appropriate situations for patients with COVID-19 with severe AKI or ESRD.

CRRT {#s4a}
----

Based on the clinical practice patterns, the primary indication for choosing CRRT over intermittent HD is hemodynamic instability and high catabolic states. Though there are no randomized trials, CRRT is widely believed to be associated with less hemodynamic instability given the rates of fluid and solute removal are slower than with intermittent HD \[[@R23]\]. Unfortunately, CRRT is not available in all acute health care settings.

The different modalities of CRRT are defined by the main mechanism with which clearance is achieved: simple diffusion (continuous venovenous hemodialysis (CVVHD)), convection (continuous venovenous hemofiltration (CVVH)), or a combination of both (continuous venovenous hemodiafiltration (CVVHDF)). Many intensivists and nephrologists prefer to use CVVH in the belief that pure convection will remove a higher number of larger molecules than diffusion-based CVVHD. Others argue that CVVHD is easier and, given the lack of comparative evidence, prefer this. There is a third school, who favors CVVHDF banking on both convective and diffusion principles for solute clearance and ultrafiltration \[[@R24]\].

In severe ARDS, these modalities can be used in conjunction with extracorporeal membrane oxygenation (ECMO) as and when indicated \[[@R25]\]. Because of hemodynamic instability and minimization of nursing staff exposure, CRRT has been recommended by the American Society of Nephrology (ASN) experts as one of the recommended RRT in COVID-19 patients with severe AKI \[[@R26]\].

Moreover, high-volume hemofiltration at a dose of 6 L/h has been shown to remove inflammatory cytokines (interleukin-6) and improved the Sequential Organ Failure Assessment scores at day 7 in patients with sepsis \[[@R27]\]. Therefore, CRRT may play a role in patients with COVID-19 and sepsis syndrome.

### CRRT dosing {#s4a1}

In general, Kidney Disease: Improving Global Outcomes (KDIGO) guidelines for CRRT dosing can be followed \[[@R28]\]. If using pre-filter dilution, it is recommended to use 25 - 30 mL/kg/h; and for post-filter dilution, 20 - 25 mL/kg/h is recommended. When using high-volume hemofiltration in cases with severe sepsis, recommended clearance is \> 35 mL/kg/h to help to clear inflammatory mediators. Experts have suggested certain modifications to the dialysis delivery for COVID-19-positive patients during current pandemic such as: use of extra-long tubing to allow for staff to access machine outside the glass doors in ICU, high dialysate flow of 30 - 40 mL/kg/h and 8-h treatment time per patient per day to ensure optimum use of limited resources. Once initiated on CRRT, the treatment modifications for prescription change can be performed by the well-trained ICU nurse taking care of the critically ill patient saving valuable dialysis nursing time.

Prolonged intermittent renal replacement therapy (PIRRT) {#s4b}
--------------------------------------------------------

PIRRT is a concept of hybrid treatment modality that provides RRT for an extended period (usually 6 - 18 h) but is intermittent (at least three times per week). The principle of PIRRT includes amalgamation of both convective (i.e., hemofiltration) and diffusion (i.e., HD) principles, depending on the method of solute removal \[[@R29]\]. Other terms used to describe PIRRT include sustained low-efficiency daily dialysis (SLEDD), sustained low-efficiency daily diafiltration (SLEDD-f), extended daily dialysis (EDD), slow continuous dialysis (SCD), go slow dialysis, and accelerated venovenous hemofiltration (AVVH) or hemodiafiltration. PIRRT can be performed on most machines that are used for standard intermittent HD. Specific CRRT machines can also be used for PIRRT with some modification of treatment prescriptions. Machines used for PIRRT should have the capability to run at low blood and dialysate flow rates. Some machines are designed specifically for PIRRT, and have specific capabilities for solute removal by convection, diffusion, or both \[[@R18]\]. Standard extracorporeal circuit tubing and hemodialyzers are used for PIRRT. High-flux dialyzers are usually utilized for PIRRT as others may result in lower clearance. High-cutoff dialyzers, which are studied in PIRRT, use a membrane that allows clearance of larger solutes compared with high-flux membranes. PIRRT with high-cutoff membranes may provide better clearance of middle molecules, but the clinical significance of this is not known \[[@R30]\].

Slow continuous ultrafiltration (SCUF) may be used to treat isolated cases with fluid overload. SCUF by itself is not useful in patients with metabolic abnormalities, because solute removal is minimal. Therefore, SCUF will not be an acceptable RRT in COVID-19 positive patients with severe AKI.

PIRRT can be used in hospitals where CRRT is not available. PIRRT can help optimize the dialysis nurses' time and exposure risk, as multiple patients could be dialyzed simultaneously over a period by one nurse. PIRRT is particularly helpful and could be preferred over intermittent HD as higher ultrafiltration volume can be achieved without significant hemodynamic instability. The data on the hemodynamic stability during hybrid treatments are from a randomized, controlled trial that compared CRRT with PIRRT among 39 critically ill patients. There was no significant difference between treatments in inotrope dose or number \[[@R31]\]. Unlike CRRT, this modality will require a designated dialysis nurse to be present for the whole duration of therapy, but one nurse could do PIRRT on more than one patient in adjacent ICU rooms simultaneously.

### PIRRT dose {#s4b1}

Generally, a recommended dose of PIRRT would be 20 mL/kg/h per 24 h for a patient, and the total treatment then can be divided by the number of hours per treatment, which is typically 10 h or less \[[@R26]\].

Conventional intermittent hemodialysis (IHD) {#s4c}
--------------------------------------------

In COVID-19-positive patients who need initiation of RRT for severe AKI and are hemodynamically stable, IHD can be performed. In general, patients with severe AKI in COVID-19 are critically ill and at higher risk of death. These patients with AKI will likely in general have hemodynamic instability making it challenging to deliver IHD. However, patients with pre-existing advanced CKD may be more prone to develop the ESRD with COVID-19 infection-related sepsis mediated AKI. These patients, if hemodynamically stable, could be initiated on IHD on an elective basis, if indicated. However, this modality would require a HD nurse to be present with the patient for the entire duration of treatment. However, this would be the modality of choice for hemodynamically stable patients with severe AKI on the general hospital floor needing RRT.

### IHD dose {#s4c1}

Considering optimal utilization of resources during the COVID-19 pandemic, we need to be receptive to modification of typical IHD prescription for an individual patient. Patients may continue three times/week Kt/V urea 1.3/treatment standard IHD per KDIGO guideline, but not every patient needs 4-h IHD to achieve that; and we should consider the shortest duration that achieves the metabolic and volume control. Care should be taken to minimize 1:1 dialysis nurse time in the room.

Peritoneal dialysis (PD) {#s4d}
------------------------

PD may not be considered as the first choice of RRT in case of severe AKI in COVID-19 patients. Urgent-start PD requires a dedicated team of experts in an institution that includes general surgeon or interventional radiologist/nephrologist inserting PD catheter, and a team well versed with urgent-start PD. Not many hospitals would have these personnel or resources, and there will be a questionable level of comfort around PD in the critical care environment.

However, given the pandemic, urgent-start PD can be an option where traditional resources or capacity for acute dialysis with CVVHD/IHD has been exceeded. The unique advantages of PD are many. It does not require significant infrastructure, which is a concern in many low/middle-income countries, and is relatively cost-effective. It reserves limited central vascular access sites for other purposes for critically ill patients and no need for systemic anticoagulation. Moreover, utilization of cycler PD can lead to the minimization of dialysis nursing exposure for the use of RRT in these patients.

There are multiple concerns about the effectiveness of PD as RRT in critically ill COVID-19 patients with multi-organ failure. The ultrafiltration rate with PD is unpredictable and the degree of solute clearance can fall short in these patients with the hypercatabolic state. There are also concerns about mechanical failure and the risk of peritonitis related to PD catheter in these patients. Lastly, there could be detrimental effects of PD on respiratory status in patients on a mechanical ventilator, as a significant volume of PD fluid in peritoneal cavity can impair diaphragmatic excursion, especially in those needing prone ventilation \[[@R26]\].

If established urgent-start PD program is already not in place in an institution, it would be generally advisable not to embark on putting resources for this purpose during this time of great stress on health care systems. In the case of established PD patients, we should try to keep on PD through critical illness. Otherwise, we may need to change RRT modality to CRRT, PIRRT, or IHD if it is ineffective, cumbersome, or difficult to deliver in the ICU setting. This would require vascular access placement and continuation of routine care for the PD catheter, which may be left in place for future use.

### PD dose {#s4d1}

Lower dwell volume such as 1 L should be used in urgent-start PD 24 - 48 h after insertion of PD catheter. Then the volume may be gradually increased over time to minimize the risk of mechanical complications. Although either manual exchanges or cycler-based PD can be used in AKI, manual PD may be challenging if significant ultrafiltration is warranted. Manual exchanges may be more comfortable if there is slow inflow and outflow. Cycler-based PD may be used based on availability and nursing expertise. It can be helpful to handle high-volume hourly exchanges with cycler continuously for critically ill intubated patients to minimize the ill effect on mechanical ventilation. Higher dextrose solution (2.5% or 4.25%) should be used if urgent fluid removal is required. Medication dosing with continuous PD is not well studied but CRRT literature can guide in this matter.

General measures recommended for RRTs {#s4e}
-------------------------------------

It is recommended that: 1) Health-care personnel (HCP) should follow what the CDC recommended of personal protective equipment (PPE) and safety guidelines during their interactions with the patients; 2) Nephrologists should collaborate with ICU teams and primary teams to rely on physical examination findings to minimize patient contact. Telehealth can be instituted when available; 3) Indications for RRT are similar to other patients with AKI, and providers with significant expertise should place dialysis catheters \[[@R31], [@R32]\].

RRT recommendations for patients in ICU {#s4f}
---------------------------------------

It is stated that: 1) The critically ill COVID-19-positive patients should be cohorted in isolation ICUs dedicated to COVID-19; 2) The preferred dialysis modality is CRRT or PIRRT, if available; 3) CRRT is preferred over IHD in the setting of isolation, as IHD needs 1:1 nursing support; 4) ICU nurses should be competent in the use of CRRT, limiting exposure of HD nurses; 5) The CRRT machine is set up in a way that pre-dialysis preparation and troubleshooting can be done outside the patient's room, thus minimizing the exposure and limiting the use of PPE; 6) IHD can also be performed with close monitoring and management of hemodynamics if CRRT and PIRRT are not available; 7) If the patients needing CRRT exceeds the machines available, prolonged intermittent treatments (e.g., 10 h instead of continuous) with higher flow rates (e.g., 40 - 50 mL/kg/h) and after terminal cleaning, can be used for another patient \[[@R32]\].

RRT recommendations for patients in general hospital floors {#s4g}
-----------------------------------------------------------

It is recommended that: 1) Hemodynamically stable COVID-19 patients should be cohorted on a designated hospital floor; 2) Patients with active or suspected COVID-19 needing dialysis treatment should not be transported to a central acute dialysis unit even if they are hemodynamically stable; 3) If all the COVID-19 patients are isolated on one floor, one dialysis nurse may be able to monitor two or three patients during IHD if dialysis patients are cohorted in adjacent rooms, and video/electronic monitoring is available. The nurse will keep on full PPE for the entire duration in antechamber room adjacent to two/three isolation rooms with patients on IHD. The dialysis nurse will only enter the patient room if the patient needs anything or to troubleshoot the dialysis machine; 4) The peritoneal dialysis can be continued on selected acute-start patients or established PD patients as cycler-based automated peritoneal dialysis (APD) to limit the exposure of dialysis nursing staff \[[@R32]\].

Vascular access for RRT {#s4h}
-----------------------

For AKI patients requiring initiation of RRT in the form of HD or a variation of it, availability of functional vascular access is essential. HD catheters are usually put in by nephrologists, interventional radiologists, vascular surgeons or intensivists. During the pandemic, additional providers can be recruited to place vascular catheters. Catheter lengths are significant to ensure adequate blood flow and reduce clotting. When trying to establish new vascular access, it is recommended to use temporary dialysis catheters in the right internal jugular (IJ) or subclavian (SC) vein followed by femoral venous access. The length of the catheter for the right IJ access should be 15 cm. For femoral, left IJ, and SC vein catheters, the length should be around 24 - 30 cm, 20 cm, and 20 cm, respectively. It is recommended to use double-layered protection for the personnel performing the procedure.

For COVID-19 patients established as ESRD or advanced CKD patients who need to initiate dialysis in hospital, pre-existing arteriovenous fistula (AVF) or arteriovenous graft (AVG) may be used. However, these accesses would be preferably used for hemodynamically stable patients who can tolerate IHD. Although AVF/AVG can be used for SLED/PIRRT, the concern of needle dislodgement and exsanguination is real. Video monitoring, 1:1 nursing care, and reinforced taping of needles can be helpful in such a scenario. If institutional norms or guidelines are contradictory, it is preferred to have a temporary HD catheter for RRT.

Anticoagulation {#s4i}
---------------

Anticoagulation for CRRT/PIRRT may be essential in COVID-19 patients with severe AKI. ESRD patients on IHD also need routine anticoagulation. When choosing anticoagulation, it is crucial to assess the patient's coagulation risk profile. Patients with severe COVID-19 infection having high bleeding risk with international normalized ratio \> 1.5 or thrombocytopenia, it is recommended to avoid anticoagulation. In normal or hypercoagulable states, one can use heparin or citrate-based anticoagulation depending on hospital protocols. Per KDIGO guidelines, regional citrate anticoagulation rather than heparin is recommended when there are no contraindications like liver failure, lactic acidosis, and severe shock. The usual target PTT for unfractionated heparin infusion in CRRT is 60 - 80 s. The dose adjustments can be made per standard protocols. It is advisable not to use a citrate-based anticoagulation protocol if one is already not in place and practiced in an institution. When using CRRT in combination with ECMO, anticoagulation is not needed as ECMO utilizes systemic heparinization.

Care and disinfection of RRT equipment in hospital {#s4j}
--------------------------------------------------

It is required that: 1) The dialysis equipment should be cleaned with the disinfectant before removing it from the room; 2) Hospital infection control and policy directs the proper disposable of RRT machine equipment; 3) As per the hospital protocol, CRRT filters need to be changed every 72 h or longer.

Strategies to ensure optimized use of dialysis resources in hospital {#s4k}
--------------------------------------------------------------------

The strategies include: 1) In cases of AKI in patients under investigation (PUI), delay initiation of RRT if possible, in case COVID-19 test results are expected in 24 - 48 h. This will avoid overutilization of RRT and will conserve PPE which is already in short supply; 2) For volume overload and hyperkalemia, utilize loop diuretics and potassium binders to delay the need for RRT initiation; 3) Consider CRRT replacement fluid solution rate of 15 mL/kg/h once metabolic control is achieved to conserve CRRT solutions; 4) The pharmacy can make essential CRRT solutions if branded CRRT solutions are in short supply; 5) Conventional HD machine can be used to do PIRRT with modification of HD prescription; 6) Adopt creative CRRT/PIRRT maneuvers to minimize exposure of COVID-19 to dialysis nurses. For example, setting up and keeping CRRT/HD machines outside the patient's room with bloodlines going through the ICU door in a negative pressure room; 7) Multidisciplinary rounding using video conferencing for ICU patients daily; 8) Early establishment and continued discussion around goals of care for critically ill COVID-19 patients to ensure appropriate allocation of resources; 9) While it is imperative to optimize resource utilization and minimize exposure to healthcare providers, we must not compromise the safety of patients.

Non-RRT extracorporeal therapies in COVID-19 patients {#s4l}
-----------------------------------------------------

Apart from need for RRTs in severe AKI, there are modalities for extracorporeal blood purification in COVID-19 patients that are being utilized for experimental treatment such as: cytokine adsorber and plasma exchange or infusion of convalescent plasma. In severe COVID-19 cases with hypoxemic respiratory failure despite optimal ventilator support, ECMO can be used.

Outpatient Dialysis and COVID-19 Infection {#s5}
==========================================

COVID-19 infection poses a unique threat to dialysis patients, particularly the in-center HD patients, because of increased risk of cluster exposure and patients being in close proximity. Most are elderly and have multiple comorbidities. Studies have shown that the HD patients infected with COVID-19 infection had the milder disease, less intense lymphopenia, and lower levels of inflammatory cytokines compared to other patients with COVID-19 infection \[[@R33]\]. So far, no COVID-19 infection was reported in PD patients. The experience of COVID-19 in HD patients has been described below.

The initial impact on the dialysis patients comes from an experience of a single HD center in Renmin Hospital, Wuhan University, where 37 HD out of 230 HD patients and four out of 33 staff members developed COVID-19 infection between January 14 and February 17, 2020. A total of six patients died from COVID-19 infection \[[@R33]\].

Italian researchers described two dialysis centers during the COVID-19 outbreak from Lombardy. At a satellite HD unit with 60 patients, 18 were infected. These patients were immediately isolated and treated separately. The time-lapse between the first patient and the 18th is 1 week. One patient was in critical condition, and no healthcare staff has been infected \[[@R34]\]. At the second center, four out of 170 patients were infected. These patients were promptly isolated, and none of the staff were affected. The testing for COVID-19 was performed on the symptomatic patients \[[@R34]\].

Fu et al described a case of a 75-year-old male on maintenance HD with COVID-19. The patient received intermittent hemodiafiltration in the hospital for a total duration of 53 h. The patient was treated with umifenovir, which is a membrane fusion inhibitor, and oseltamivir. The patient was discharged in day 15 after he was asymptomatic and radiological clearance with two negative polymerase chain reaction (PCR) tests \[[@R35]\].

Ferrey et al reported a case of a 56-year-old male on maintenance HD presented with atypical gastrointestinal symptoms initially and later diagnosed with COVID-19 associated ARDS. The patient was initiated on continuous CVVHDF. The patient required prone ventilation and ECMO. The patient was receiving hydroxychloroquine and tocilizumab, and the outcome was not reported. \[[@R36]\].

Watnick and the team have described the measures that were taken at the outpatient dialysis clinic to limit the spread when faced with first COVID-19 infection in the USA. This article and ASN webinar provided guidance for many nephrologists across the USA how to handle COVID-19 in the outpatient dialysis setting \[[@R37], [@R38]\].

Role of medical director for an outpatient dialysis clinic {#s5a}
----------------------------------------------------------

The role of the medical director is very critical in preventing the transmission of COVID-19 infection at the outpatient dialysis clinic and safeguarding both the dialysis patients and the care staff. The medical director should work in a close relationship with the medical staff/HCP and manager of the dialysis facilities to ensure that effective dialysis care continues \[[@R38]\]. The frequent presence of the medical director and attending meeting with staff at regular intervals will be reassuring for the care staff.

There should be a core team with a medical director, dialysis clinic manager, and charge nurse who should have clear communication at regular intervals. The conversation should be on the updates, guidelines, and action plans. This core team should effectively use the local resources, care services, and should be thoughtful of rapidly evolving scenarios \[[@R38]\]. The core team should be communicating and supporting the care staff and the patients at regular intervals. A strict no visitor policy should be implemented at the dialysis center when the patients are receiving dialysis.

The patients should come for dialysis as it is considered as a life-saving treatment even though situations like lockdown are in effect. The dialysis center should provide the letter stating the importance of getting treatment for the patients, staff, and transportation companies.

All the patients should be educated to stay at home when not receiving dialysis. All the family members living with dialysis patients should be trained on hand hygiene, self-monitoring for the symptoms, and prompt reporting of symptoms. Patients should be educated that young people can be vectors of the disease without developing symptoms, so the precautions should be taken to prevent transmission within the family. The patients are encouraged to use personal or designated transportation methods to the dialysis centers instead of using public transport.

All the staff should be educated on hand hygiene, universal precautions, disposal of the waste, and use of PPE. All the team should be updated on the epidemic and the latest care guideline recommendations. Precautions should be taken when performing aerosol generating procedures (AGP), which is not feasible at the outpatient dialysis centers and must be done in life-saving situations with proper PPE. PPE count should be conducted daily. The facility should have a policy and procedure in place to deal with the shortage of PPE and preserving PPE supply in times of scarcity \[[@R38], [@R39]\].

There should be a plan in place regarding providing dialysis for suspected patients with COVID-19 infection. The patients with confirmed COVID-19 infection should have a designated dialysis shift ideally. The asymptomatic patients with COVID-19 infection should be separated from symptomatic patients if they must get dialysis treatment at the same time. The symptomatic patients should be treated at the corner or end of the row station.

ASN and CDC have provided guidance on mitigating the risk of COVID-19 for dialysis centers \[[@R38], [@R39]\].

General precautions to limit the spread of COVID-19 infection to dialysis patients and care staff

These include: 1) Adequate education for the patients regarding COVID-19, and actions taken by the dialysis facility to protect them; 2) The patients should be educated on hand hygiene, respiratory hygiene, cough etiquette, and appropriate disposal of contaminated items; 3) The HCP should be provided with information on COVID-19; 4) The HCP should be educated on infection prevention and control measures with emphasis on hand hygiene, selection, and/or use of PPE; 5) The dialysis unit waiting area should be prepared with signs posted on hand hygiene, respiratory hygiene, and instructions provided to the patients with fever and respiratory infection symptoms to alert the staff; 6) The waiting area should have tissues, alcohol-based hand rub, and trash cans; 7) The PPE should be easily accessible, and the alcohol-based sanitizers should be made available in waiting and treatment areas; 8) All the patients, visitors, and transport personnel should be screened for temperature and respiratory symptoms; 9) A questionnaire should be provided regarding symptoms, contact history, and travel history for all the patients at every shift of dialysis; 10) All the requests for transient dialysis treatments (visiting dialysis patients) should be discouraged and must get the approval of the medical director/unit director; 11) The waiting area should have space for ill patients to be separated from other patients by at least 6 feet; 12) The patients should be instructed to call the dialysis facility ahead of their arrival if they develop fever or respiratory symptoms so that they can be appropriately triaged; 13) The patients should wash their hands and fistula before starting the dialysis; 14) The waiting area, treatment floor of the dialysis center, and the vehicle should be sanitized/disinfected regularly.

Staff precautions {#s5b}
-----------------

Some requirements are: 1) The HCP should not report to work when they are ill, and sick leave policies should be flexible; 2) The HCP should have active screening before their shift, and if they develop symptoms during work, they should wear a mask and return home; 3) PPE inventory should be accessible (facemasks, gowns, gloves, and eye protection); 4) The isolation gowns should be worn over or instead of the cover gowns and discarded in a dedicated container; 5) Eye protection should be either goggle or face masks. Contact lenses and personal glasses are not considered adequate eye protection; 6) Routine disinfection procedures are appropriate for COVID-19; 7) Active screening for temperature and symptoms of HCP before, during, and after shifts during the time of community transmission and if COVID-19 patients are in the facility.

Dialysis patient with symptoms {#s5c}
------------------------------

These steps should be followed: 1) The patient with symptoms should be appropriately triaged and directed to the hospital if appropriate, and the hospital should be informed about the arrival of symptomatic patients; 2) If the patients are getting transferred to another facility, the transport personnel should be notified; 3) If COVID-19 infection is suspected, the local health department should be notified; 4) If the patient is deemed to receive the treatment at the facility, the patient should be separated from other patients by at least 6 feet and wear a mask; 5) Symptomatic patients should be dialyzed in a separate room with the door closed if available ideally; 6) Hepatitis B isolation rooms should be used for the patients with symptoms if the patient is hepatitis B surface antigen-positive or if the facility has no patients with hepatitis B infection on the census; 7) Patients with different etiologies should not be cohorted if the etiology of respiratory symptoms is known; 8) If more than one patient has respiratory symptoms at the dialysis facility, the patients should be cohorted at the section of the dialysis clinic and/or on the same shift (ideally last shift of the day).

Dialysis patients with suspected or confirmed COVID-19 infection {#s5d}
----------------------------------------------------------------

General measures include: 1) There should be designated cohort dialysis facility assigned in the geographical area to treat patients with suspected or confirmed COVID-19 infection; 2) If designated dialysis facility is not feasible, then isolation shifts should be created to dialyze these patients; 3) It is essential to isolate the patients with suspected COVID-19 from the patients with confirmed infection; 4) The staff should wear PPE, and necessary precautions should be taken.

Transportation aspects {#s5e}
----------------------

The instructions are: 1) Patients should be encouraged to use private transportation if symptomatic or suspected to have COVID-19, or when feasible; 2) The drivers who are transporting suspected or confirmed COVID-19-positive patients should be informed, if they use the transport companies; 3) Suspected patients should wear the mask during the travel, and the drivers should report any patient with symptoms to the dialysis facility; 4) Drivers are encouraged to wear the mask and gloves when transporting the patients; 5) Hand sanitizers should be available for patients and drivers; 6) The drivers should be isolated if they have been exposed and the vehicle should be thoroughly sanitized when exposed; 7) Vehicles should be sanitized between the rides and should have thorough nightly deep cleans \[[@R40]\].

Vascular access procedures {#s5f}
--------------------------

The vascular interventions should be done promptly, as they are the life-saving procedures. Access interventions should be done in an ambulatory setting rather than a hospital setting because of the decreased risk of exposure. Outpatient access intervention allows patients to receive dialysis uninterruptedly and alleviate new interventions and unnecessary hospital admissions. The new vascular access placement, like arteriovenous fistula/graft (AVF/AVG), PD catheters should continue as planned \[[@R41]\].

Unforeseen issues {#s5g}
-----------------

The dialysis centers may face many challenges during this pandemic, so there should be a policy in place to deal with unforeseen circumstances. The medical director and the core team should communicate regularly to deal with these issues. There could be staffing challenges because of quarantining from the exposure. There could be increased incident dialysis patients who develop AKI from COVID-19 needing RRT, failed renal transplants and switching dialysis modality. If the number of dialysis patients overwhelms the capacity of the dialysis clinic, extra shifts should be added, and modifications of dialysis prescriptions should be done. Issues in transportations can also play a significant role, and sometimes patients can miss dialysis. The patients should be educated to limit the fluid, potassium intake and have potassium-binding agents at hand in the event when they miss dialysis. The patients are discouraged from going to the hospital to limit the exposure if they miss dialysis, and every effort should be made to accommodate them for dialysis treatment.

Patients receiving home dialysis {#s5h}
--------------------------------

The home dialysis patients should be educated on the COVID-19 infection. They should regularly monitor for fever and respiratory symptoms at home and contact the home dialysis nurse if develop any symptoms. The patients should be educated on precautions to avoid contact with persons who might be exposed and practice social distancing. The patients should use telehealth for medical advice and doctor visits.

Home dialysis patients needing labs drawn, erythropoietin injections, or assessments, they all should be combined to a single visit to limit the exposure. The patients are encouraged to order surplus dialysis supplies because of concerns associated with the supply chain. There are also concerns regarding the timely interventions of access in home dialysis patients. Proper installation or repair of PD catheters; interventions of AVF/AVG should be done as they are life-saving procedures. Every effort should be made to initiate patients on home dialysis as it limits the exposure compared to in-center HD. Urgent-start PD should be encouraged.

Treatment {#s5i}
---------

There are many variable factors when administering medications to dialysis patients. The molecular size, volume of distribution, and protein binding affinity are the key issues to consider. Most of the trials exclude CKD patients from the trials \[[@R40]\]. Food and Drug Administration (FDA) has not approved any specific drug for the treatment of COVID-19. Several clinical trials are underway across the globe, investigating a multitude of drugs. Remdesivir, lopinavir/ritonavir, chloroquine/hydroxychloroquine, darunavir/ritonavir, favipiravir, tocilizumab, colchicine, and azithromycin, which are approved for other indications, are being used for treating COVID-19. Spike protein of SARS-CoV2 enters the human cell through the ACE2 receptor aided by type II transmembrane serine protease (TMPRSS2), and chloroquine acts by interfering with ACE2. Chloroquine decreases the severity of COVID-19 pneumonia as per the experience in the treatment of 100 patients \[[@R42]\]. The nephrologists should pay close attention to the dosing and safety of these drugs in the setting of renal failure and dialysis.

Conclusions {#s6}
===========

COVID-19 is a global pandemic that has resulted in a rapid spread of infection with an increase in morbidity and mortality worldwide. AKI is one of the common complications with COVID-19, and is associated with increased morbidity and mortality. RRTs in the health care facilities pose unique challenges in terms of shortage of staff and machines. The risk of exposure is also high while providing RRT. The risk of infection is also high in the outpatient dialysis setting because of clustering. Outpatient dialysis poses many obstacles with staffing, transportation, and risk of exposure when encountered with COVID-19 patients.
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Abbreviations
=============

COVID-19

:   coronavirus disease 2019

SARS-CoV-2

:   severe acute respiratory syndrome coronavirus 2

ARDS

:   acute respiratory distress syndrome

AKI

:   acute kidney injury

ICU

:   intensive care unit

ESRD

:   end-stage renal disease

CKD

:   chronic kidney disease

ACE2

:   angiotensin converting enzyme-2

RRT

:   renal replacement therapy

CDC

:   Centers for Disease Control and Prevention

WHO

:   World Health Organization

ASN

:   American Society of Nephrology

ASDIN

:   American Society of Diagnostic and Interventional Nephrology

VASA

:   Vascular Access Society of the Americas

VDRF

:   ventilator-dependent respiratory failure

CRRT

:   continuous renal replacement therapy

CVVHD

:   continuous venovenous hemodialysis

CVVH

:   continuous venovenous hemofiltration

CVVHDF

:   continuous venovenous hemodiafiltration

ECMO

:   extracorporeal membrane oxygenation

KDIGO

:   Kidney Disease Improving Global Outcomes

PIRRT

:   prolonged intermittent renal replacement therapy

SLEDD

:   sustained low-efficiency daily dialysis

SLEDD-f

:   sustained low-efficiency daily diafiltration

EDD

:   extended daily dialysis

SCD

:   slow continuous dialysis

AVVH

:   accelerated venovenous hemofiltration

SCUF

:   slow continuous ultrafiltration

IHD

:   intermittent hemodialysis

PD

:   peritoneal dialysis

PPE

:   personal protective equipment

APD

:   automated peritoneal dialysis

AVF

:   arteriovenous fistula

AVG

:   arteriovenous graft

PUI

:   patient under investigation

PCR

:   polymerase chain reaction

AGP

:   aerosol-generating procedures

HCP

:   health-care personnel

FDA

:   Food and Drug Administration
